Phosphorus is one macronutrient that commonly gets fixed and accumulates into soils after it has been in use for long, thus becoming readily unavailable to plants in subsequent years. Such scenario is ontological in Mwea where rice farming is practiced, yet this element is one main critical nutrient that plants cannot do without for they need it for root initiation, root development, photosynthesis, grain-formation, grain-filling, as well as yielding. In that view therefore, an experiment was undertaken in Mwea irrigation scheme with the aim of investigating on the influence of phosphorus levels on yield components and grain yield of Nerica 4 and 11. The experiment was laid out in a Randomized Complete Block Design in split-plot arrangement replicated thrice. Two rice varieties (Nerica 4 and Nerica 11) formed main plots and phosphorus levels (0 kg P/ha, 25 kg P/ha, 50 kg P/ha and 75 kg P/ha) formed split plots. Data was collected on appropriate parameters between week 4 and 19 after sowing at intervals of three weeks. Results demonstrated that phosphorus levels significantly influenced the 1000-grain weight and number of panicles in the tested varieties. Additionally, Grain yield mean variation was observed, where highest grain yield of Etabo et al.; ASRJ, 2(1): 1-13, 2019; Article no.ASRJ.46968 2 0.988 tons per hectare was produced in Nerica 4 on 50 kg P/ha in season 2, while least grain yield of 0.831 tons per hectare was still produced in the same variety on control in season 1, thus 50 kg P/ha on Nerica 4 is recommended for rice farming in Mwea. The study would be used as a body of guidelines and information for judicial, responsible, and promotion of prescribed application of phosphates in Nerica rice farming at planting for realization of higher yields between the two Nerica varieties (Nerica 4 and 11) in Mwea and with like agro ecological areas.
INTRODUCTION
Rice (Oryza sativa, L) is one most consumed food by more than half of world's population [1] , at the same time making significant energy and protein source for populations in Africa [2] . It is the most popular food crop in Kenya, and third highly cultivated and utilized cereal crop in Kenya [3] , though much of the consumed is imported since national production does not meet the existing demand [2] . Such wanting productiontrend is attributable to a wide range of causes that include fixed and unavailable phosphorus [4] to rice grown. Certainly, Mwea is experiencing this challenge, which therefore requires application of phosphate fertilizers [5] at planting to crops for yield-increment [6] .
The application of phosphates to rice crops energizes uptake of nitrogen, and improves the uptake of micronutrients by rice plants. So far, not all rice genotypes accommodate a wider range of both biotic and abiotic environments [7] , hence there was need to screen which ones do tolerate problematic soils [8] like those in Mwea which have high, immobile and unavailable phosphorus to plants. There was therefore a need to isolate which among rice genotypes do respond well to mineral fertilization [1] in a strategy to provide nutrients to crops. To that effect, the screening undertaken fitted in onto upland Nerica cultivars, which also do happen to be most adaptable to Mwea semi-arid conditions. To this point therefore, since there is no information available on yield response of Nerica 4 and 11 to inorganic phosphorus fertilization in Mwea, then it became rational to undertake this study in that locality where the effects of phosphorus levels on yield components and grain yield of two Nerica varieties (Nerica 4 and 11) was evaluated and yields compared accordingly. Perhaps, 1000-grain weight and number of panicles per hill demonstrated significant influence by the treatments applied. This new information obtained will guide farmers on the phosphate application rate to be applied on Nerica 4 and 11 at sowing for realization of significantly improved yields.
MATERIALS AND METHODS

Study Area
The study was conducted for two growing seasons in Mwea irrigation scheme's-Kirogo farm site which lies at Latitude 0°37ʹ S 37˚20′E, longitude 0°32′ S and 0°46′ S and at altitude of 1159 meters above sea level [10] . Its climate is tropical monsoon. It has two rainy seasons and two dry seasons, with rain being of uneven distribution. Temperature ranges from 15.6°c to 28.6°c with a mean of 22°c. Soil types are classified as red soils with a slightly acidic pH of 6.18 [11] , 0.119% N, 107.0% P (ppm) and 0.085 %K me/140 g, while the exact farm site where the trial was set had its soil properties analyzed in the beginning and at the end of the two seasons.
Experimental
Design,
Materials, Treatments, Data Collection and Analysis
The experiments were carried out in Randomized Complete Block Design with two Nerica varieties (Nerica 4 and Nerica 11) forming main plots and phosphorus four levels (0, 25, 50 and 75 kg P/ha) forming split plots. Soil sampling and analysis was done before and after harvesting. All the appropriate routine agronomic practices such as water application, weeding, thinning, pricking, disease control, pest control, other fertilizer applications, et cetera were applied as required. Yield components and grain yield data was collected appropriately between the 4 th and 19 th week after sowing at intervals of three weeks, measured and findings recorded. Collected and recorded data on yield components and grain yield was cleaned and analyzed using Genstat version 15.1 and means separated using Fischer's Protected LSD test [12] . 
RESULTS AND DISCUSSION
Plant Height
As per tables 1 & 2, phosphorus level treatments significantly (P≤0.05) influenced plant heights of the two varieties across the seasons throughout crops' growth to maturity, in which maximum height of 72.7 cm in Nerica 4 on 75 kg P/ha in season 2 was recorded ( Table 2) , while least of 53.33 cm in Nerica 4 on control in season 1 was elicited ( Table 1) . That necessitated the induction that, with addition of phosphorus into the cultivated soils, plant height increase in the growth stages was made among plants that had been treated with phosphorus than with those that did not receive any phosphorus [13] at all. Such is consistent with Turner et al. [14] who reported that, with increased phosphorus applications, increased plant height was evident due to better root increase and nutrient uptake. That is proven at stem elongation stage where plants for both varieties recorded highest plant height on highest phosphorus treatment than those that had received lower phosphorus applications, and least plant height on control (Tables 1 & 2) . Tillering, panicle-initiation, heading, flowering, and grain-formation demonstrated significant plant height increase resulting from the 50 kg P/ha application as compared to other applications, with least plant height recorded at plants that did not receive any phosphorus application (Tables 1 & 2) . Plants that did not receive any phosphorus fertilizer for both varieties remained slowly growing from germination until maturity and harvest (Tables 1 & 2); indicating that phosphorus was a limiting growth parameter [15] . Phosphorus is responsible for stimulation of root growth, root development, stem elongation, water absorption and storage [16] , nitrogen uptake [17] and cell division, and so with increased phosphorus applications, increased vegetative growth occurs [18] . Such was the case in the experiment where phosphorus effects varied considerably revealing increment in the number of leaves at every stage of rice crop development with increased levels of applications as was reported by Amanullah et al. [19] , that with increased phosphorus levels, there occurred increment in growth variables [20] due to increase in leaf photosynthetic rates and formation of photosynthates. At 50 kg P/ha, maximum leaf number across the seasons was observed at physiological maturity and harvest in season 2 in Nerica 4 plants, while least leaf number was recorded on nophosphorus applied level in Nerica 11 plants at tillering of season 1. Least leaf number was observed on no-phosphorus applied plants [21] probably due to plant-phosphorus deficiency consequenced by lack of plant-available phosphorus in the soils [22] as evidenced in Table 4 . Numbers with same letter in the same column are not significantly different using LSD at α=0.05
Number of Leaves
Fresh Leaf Weight
In this case, phosphorus level treatments significantly influenced fresh leaf weight between the two varieties in the crop's life across the seasons. This is evidenced in Tables 5 & 6, where highest, higher, lower and least fresh leaf weight was recorded in 75 kg P/ha, 50 kg P/ha, 25 kg P/ha and control at active tillering through other growth stages to physiological maturity. Such direct relationship portrays that with higher level of application, higher osmotic pressure drawing more moisture up on leaves existed and least occurred under control application. That is attributable to the phosphate's energy carrier action of sodium and chloride ions from the soil up the plant's foliage. It was also observable that weight increased significantly from active tillering through stem elongation, panicle initiation, heading, flowering, but decreased gradually at grain formation to physiological maturity in both varieties across the seasons (Tables 5&6); thereby indicating moisture loss as crops neared maturity and subsequent harvest as is normally the case for plants. The two points can be illustrated where maximum fresh leaf weight (10.14 gram per hill) was produced in Nerica 11 on 75 kg P/ha in season 1, while least fresh leaf weight (0.0575 gram per hill) was produced in Nerica 4 on 25 kg P/ha in season 2 (Tables 5&6).
Dry Leaf Weight
Results in Tables 7&8 herein revealed that the treatments did not have any significant influence (P>0.05) on leaf dry weight of the varieties in both seasons. Nonetheless, variation in means of leaf dry weight was observable right from tillering to physiological maturity where it increased generally at tillering through stem elongation, panicle initiation, heading, and flowering, but dropped decreasingly at grain-formation towards maturity for both varieties in the two seasons. It was also noticeable that maximum dry weight of leaves (7.19 gram per hill) was reached in Nerica 11 on 75 kg P/ha in the 13 th week of season 1 after planting probably due to formation of grains that should have undoubtedly ensued from the then accumulated biomass and photosynthates in the leaves. Least leaf dry weight of 0.0289 gram per hill in Nerica 4 under control at active tillering stage of season 2 was also recorded; indicating that at active tillering leaves should have been so young to become sites for photosynthesis since chloroplasts had not formed yet.
Number of Tillers
Tables 9 &10 herein revealed positive yet lack of significant influence (P>0.05) of the four treatments on tiller number of the tested varieties across the two seasons. Despite the insignificance detected, tiller means gives constructive variation that points at that dismal effect put on the varieties tested, where maximum number of tillers (21 tillers per hill) was produced in at grain-formation stage on 50kg P/ha level of application in Nerica 11 in season 1, while least tiller number (2 tillers per hill) was realized on control treatment in Nerica in both seasons, as well as on 25 kg P/ha in Nerica 4 in the second season. The treatments of 25 kg P/ha at most and 75 kg P/ha influenced moderately on tiller production, although tillers produced as a result of 75 kg P/ha were higher than produced on the 25 kg P/ha treatment, thus affirming the statement of Alam et al. [23] that, phosphorus application on rice plants increased production of tillers (Table 9 & 10) . In deed sufficient tillers as recorded in this experiment should have been an indicator for substantial panicles, filled grains and grain yield recorded at harvest (Tables 17  & 18 ). In addition, there was an observed trend in which 50 kg P/ha happened to have influenced production of highest number of tillers in season 1 particularly, throughout the phenological development of the crop irrespective of their dissimilar genotypes. Also, notable across the seasons was the trend in which on control treatment, lower number of tillers specifically in Nerica 11 plants was realized at active tillering, stem elongation, panicle intiation, heading, flowering until grain formation. Such trend manifested throughout the experiment indicated that phosphorus was limiting in the soil since none was applied, while the extant in the soils prior to sowing was fixed and unavailable to plants.
Table 9. Number of tillers for phosphorus levels on two Nerica varieties in Mwea, Season 2
Variety P level(Kg P/ha) Weeks after sowing Week 4
Week 7
Week 10 Week 13
Week 16  Nerica 11  0  2a  3a  6a  10a  16a  25  3a  5a  8a  11a  16a  50  6a  8a  11a  14a  21a  75  6a  7a  9a  12a  17a  Nerica 4  0  3a  4a  6a  10a  16a  25  4a  5a  8a  11a  17a  50  6a  8a  10a  14a  20a  75  6a  8a  8a  11a 17a LSD NS NS NS NS NS Means followed by the same letter in a column are not significantly different using LSD at α=0.05 Table 10 .
Number of tillers for phosphorus levels on two Nerica varieties in Mwea, Season 2
Variety P level (Kg P/ha) Weeks after sowing Week 4
Week 16  Nerica 11  0  2a  4a  6a  11a  11a  25  3a  5a  7a  12a  15a  50  3a  5a  7a  10a  15a  75  3a  5a  7a  12a  12a  Nerica 4  0  3a  5a  6a  13a  14a  25  2a  5a  7a  11a  12a  50  3a  5a  7a  12a  14a  75  4a  7a  9a  13a  13a  LSD  NS  NS  NS  NS  NS Means followed by the same letter in a column are not significantly different using LSD at α=0.05
Chlorophyll Content
The study exposed significant effect (P<0.05) of the treatments on chlorophyll content in two varieties across the seasons throughout crop growth. Tables 11&12 indicates that at (Table 12) , probably due to less number and immaturity of chloroplasts manufactured, thereby reducing the surface area on which sufficient chlorophyll could be formed in preparation for plant autotrophism expected. 
Panicle Length
Panicle length was significantly affected (P≤0.05) by different levels of phosphorus treatments applied at planting in both seasons. The differential responses in terms of variation in lengths due to four level applications was recognizable right from panicle initiation, heading, flowering, grain formation until physiological maturity & harvest (Tables 13&14) (Tables 13&14). There was an observed trend in which the 50 kg P/ha level happened to have influenced production of highest panicle length, particularly in season 1 throughout the phenological development of crops for varieties under test despite the genotypic differences (Table 13 ). Also, notable across the seasons was the trend in which, on control treatment, least panicle length specifically in Nerica 11 plants was realized from panicle initiation to physiological maturity. Such trend manifested in the experiment consistently indicated that phosphorus was limiting in the soil since none was applied and on the other hand the extant phosphorus in the soils prior to sowing was fixed and unavailable to plants. On the same note, there was a general trend in both seasons and in all the varieties where the panicle lengths grew longer as plants advanced towards physiological maturity (Tables  13&14) ; demonstrating the value of panicle length in influencing panicle's role as a contributing factor in rice yields. 
Number of Panicles
The four level treatments significantly influenced (P<0.05) number of panicles of the tested varieties only at physiological maturity in both seasons, where at physiological maturity, highest number of panicles was elicited under 50kg P/ha on Nerica 11 in season 1, while least under control on the same variety was recorded in season 2 (Tables 15&16). Other stages  including 
Yield Components and Grain Yield
The four phosphorus level treatments significantly influenced (P<0.05) 1000-grain weight and panicle number in season 1 only, but only presented positive influence albeit insignificant (P>0.05) on other yield components and grain yield in both varieties in the two experimental seasons. The significant influence of phosphorus level treatments on 1000-grain weight in season 1 was evident in Table 17 where under 50kg P/ha treatment, highest 1000- . Under 50 kg P/ha on Nerica 11 in season 1, highest number (17.28) of panicles per hill was elicited, whereas least (13.76) panicles per hill was produced under 25 kg P/ha on Nerica 4 in season 1. These two yield functions did appear to be the only most vital yield attributes in this study that contributed to the grain yield.
Further, Tables 17 & 18 manifested positive, but lack of significant influence of the treatments on productive tillers, unproductive tillers, filled grains, shoot biomass, root biomass, 1.5 m² plot grain weight, grain moisture content and grain yield in both seasons, and on 1000-grain weight and panicles in the second season. Irrespective of such trend, mean variability as noticed in Tables 17 & 18 indicated that there were higher filled grains (191.4 /hill), shoot biomass (26.1 g/hill), root biomass (18.46 g/hill), productive tillers (15.36 tillers/hill), 1.5 m² plot grain weight (148.2 g), moisture content (13.06% / hill) under control, 25 kg P/ha, 75 kg P/ha, 50 kg P/ha, 50 kg P/ha, and control respectively, while least filled grains (85.8 /hill), shoot biomass (0.1587 g/hill), root biomass (0.1555 g/hill), productive tillers (9.82 tillers/hill), 1.5 m² plot grain weight (124.6 g), and grain moisture content (11.26% /hill); all under 25 kg P/ha respectively. In addition, the grain yield of the crops, did not present any significant effect from phosphorus treatments across the seasons, but variation in mean, where highest grain yield of 0.988 tons per hectare was produced in Nerica 4 on 50 kg P/ha in season 2, while least grain yield of 0.831 tons per hectare was also produced in Nerica 4 on control in the second season.
